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Detecting severe acute respiratory syndrome coronavi-
rus 2 in deceased patients is key when considering ap-
propriate safety measures to prevent infection during
postmortem examinations. A prospective cohort study
comparing a rapid antigen test with quantitative reverse
transcription PCR showed the rapid test’s usability as a
tool to guide autopsy practice.

apid detection of severe acute respiratory syn-

drome coronavirus 2 (SARS-CoV-2) is essential
to prevent viral dissemination. Rapid antigen tests
(RATs) have recently been approved and are now
widely used in the current coronavirus disease (CO-
VID-19) pandemic (1). Although the performance of
RATSs has been evaluated extensively in clinics (2-4),
data on postmortem testing are still lacking (5).

We performed a prospective cohort study in which
we evaluated the performance of the Roche/SD Bio-
sensor SARS-CoV-2 RAT (https://www.roche.com)
in 30 consecutive deceased COVID-19 patients at the
University Hospital, Medical University of Graz (Graz,
Austria), during November 28-December 23, 2020.
We tested each corpse with nasopharyngeal swabs
for RAT (using the manufacturer’s kit) and eSwabs
(https:/ /www.copanusa.com) for quantitative reverse
transcription PCR (qRT-PCR) targeted to the viral en-
velope (E) and nucleocapsid (N) genes of SARS-CoV-2.
Furthermore, we used virus isolation from lung tissue
swabs from an additional cohort of deceased COV-
ID-19 patients (n = 11) to compare molecular detection
and virus cultivability (Appendix, https://wwwnc.
cdc.gov/EID/article/27/6/21-0226-Appl.pdf).

All patients were Caucasian, median age was 78
years (range 62-93 years), and 51.2% were female.
The median disease duration (interval between the
first positive SARS-CoV-2 PCR and death) was 11
days (range 1-43 days). The median postmortem in-
terval (time between death and specimen sampling)
was 23 hours (range 8-124 hours; Table; Appendix).

PCR is the current standard for SARS-CoV-2 de-
tection (1,2). In our cohort, qRT-PCR targeted to the
E gene showed a higher sensitivity than qRT-PCR for

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 27, No. 6, June 2021



RESEARCH LETTERS

Table. Patient characteristics and postmortem data for investigation of rapid antigen test for postmortem evaluation of SARS-CoV-2

carriage, Graz, Austria*

Characteristic

RAT cohort, n = 30 Culture cohort, n = 11

Age, y, median (range) 78 (62-93) 79 (65-93)
Sex, no. (%)

M 14 (47.7) 6 (56)

F 16 (53.3) 5(45.4)
Disease duration,t d, median (range) 12 (1-43) 9 (3-34)
Postmortem intervalf, h, median (range) 22 (8—124) 25 (14-68)
gRT-PCR positive, no. (%) 24 (80) 11 (100)

C; value, median (range)

E gene 22.8 (14.1-37.3) 19.9 (13.7-36.0)
N gene 26.9 (18.0-34.6) 24.6 (17.3-33.7)
Cultivation positive, no. (%) NA 7 (63.6)
RAT positive, no. (%) 17 (56.7%) NA
Total RAT specificity (95% CI§), n = 30 100% (61%—100%) NA
RAT sensitivity (95% CI§), n = 30 70.8% (50.8%—85.1%) NA
Total, n =30
Ci<35n=23 73.9% (53.5%—87.5%) NA
Ci<30,n=18 94.4% (74.2%-99.7%) NA
Ci<25n=16 100% (80.6%—100%) NA

*Ct, cycle threshold; E, envelope; N, nucleocapsid; NA, not applicable; qRT-PCR, quantitative reverse transcription PCR: RAT, rapid antigen test; SARS-

CoV-2, severe acute respiratory syndrome coronavirus 2.

tlnterval from first positive (antemortem) SARS-CoV-2 PCR to death.
FInterval from death to specimen sampling.

§Determined via the hybrid Wilson/Brown method (70).

{IDetermined via E gene qRT-PCR.

the N gene (Appendix Figure 1). Consequently, we
used E gene qRT-PCR as the reference in subsequent
evaluations. Results showed that 80% (24/30) of cases
were qRT-PCR positive, whereas 56.7% (17/30) were
RAT positive (Figure, panel A). RAT had an overall
specificity of 100% (95% CI 61%-100%) and an over-
all sensitivity of 70.8% (95% CI 50.8%-85.1%) when
using E gene qRT-PCR as the reference. RAT nega-
tive cases showed significantly higher C, values in
qRT-PCR compared with RAT positive cases (mean
38.24 [SD 7.01] vs 20.74 [SD 3.46]; Figure, panel B).
Correspondingly, RAT sensitivity increased when
cases were stratified according to C, values (C, <35,
sensitivity 73.9% [95% CI 53.5%-87.5%]; C, <30, sensi-
tivity 94.4% [95% CI74.2%-99.7%]; C, <25, sensitivity
100% [95% CI 80.6%-100%]; (Table; Appendix Table
1). Furthermore, when we compared qRT-PCR results
from nasopharyngeal swabs of patients in which vi-
ral culture was performed (from corresponding lung
tissue swabs of an additional cohort), cultivability
was restricted to cases with C, values <23.7, which is
below the threshold of false-negative RAT cases (C,
values >25.8; Figure, panels B, C). These results are
in line with most clinical RAT studies that also used
virus culture (2-4,6), in which cultivability is exceed-
ingly rare in cases with low viral loads determined
with qRT-PCR. We used cultivation from lung tissue
swab specimens for this analysis because the lung of-
ten shows increased SARS-CoV-2 loads in deceased
patients (7; Appendix Table 2) and therefore repre-
sents a major infection source during autopsy.
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Furthermore, we determined parameters that
influenced test performance. We noted a significant
positive correlation between disease duration and C,
values (Figure, panel D). Such correlation was also
evident in RATs; all cases with disease courses >17
days were RAT negative (Figure, panel E). Postmor-
tem intervals did not correlate with C, values or RAT
results (Figure, panels G, H). Thus, a long disease du-
ration rather than a long postmortem interval seems
to be the main factor for increased C, values and nega-
tive RATs. RAT and cultivation results closely mir-
rored each other with respect to viral load (Figure,
panels B, C), disease duration (Figure, panels E, F),
and postmortem interval (Figure, panels H, I).

Although RAT had an overall lower sensitivity
than qRT-PCR in this study, our data suggest that
viral loads of false-negative RAT cases are probably
below the threshold of cultivability. Because culture
is regarded as a measure of virus viability and infec-
tivity (8), these cases likely pose only minimal risks of
SARS-CoV-2 transmission during postmortem exam-
inations. However, each corpse having a postmortem
evaluation must be treated as potentially infectious.
Even a PCR-negative nasopharyngeal swab specimen
does not exclude the presence of viable virus in other
body sites, as shown in COVID-19 (7), thus empha-
sizing the general application of appropriate autopsy
safety measures.

In conclusion, RAT should not be seen as a po-
tential replacement for but rather as an addition to
of current postmortem testing strategies. Especially
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when qRT-PCR is not readily available, RAT might About the Author

be useful in selecting the most hazardous corpses that  py. zacharias is a physician-scientist at the Diagnostic and

Should be examined under special conditions (e.g., Research Institute of Pathology, Medical University of
Biosafety Level 3 [9]). RAT could therefore be a valu- Graz, Graz, Austria. His main research interests include

able adjunct tool in guiding autopsy practice. pulmonary and infectious disease pathology.
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Figure. Postmortem detection and cultivation of SARS-CoV-2 for investigation of RAT for postmortem evaluation of SARS-CoV-2
carriage, Graz, Austria. A) Among 30 deceased SARS-CoV-2 patients, RAT detected fewer positive cases than did qRT-PCR. B) RAT-
negative cases show significantly higher C, values in qRT-PCR compared with RAT-positive cases (Mann-Whitney test). C) Cultivation
negative and positive cases mirror C, values of RAT results (Mann-Whitney test). D—F) Longer disease durations are significantly
correlated with higher C, values (Spearman correlation test; D), negative RAT results (Mann-Whitney test; E), and negative cultivation
results (Mann-Whitney test; F). G-I) No significant correlation was found between postmortem intervals and C, values (Spearman
correlation test; G), RAT results (Mann-Whitney test; H), or cultivation results (Mann-Whitney test; I). C, cultivation; C, cycle threshold;
neg, negative; qRT-PCR, quantitative reverse transcription PCR; RAT, rapid antigen test; SARS-CoV-2, severe acute respiratory
syndrome coronavirus 2; +, positive; —, negative.
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We documented 4 cases of severe acute respiratory syn-
drome coronavirus 2 reinfection by non—variant of con-
cern strains among healthcare workers in Campinas, Bra-
zil. We isolated infectious particles from nasopharyngeal
secretions during both infection episodes. Improved and
continued protection measures are necessary to mitigate
the risk for reinfection among healthcare workers.

Coronavirus disease (COVID-19) is caused by se-
vere acute respiratory syndrome coronavirus
2 (SARS-CoV-2), which emerged in Wuhan, China,

"These authors contributed equally to this article.
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Rapid Antigen Test for Postmortem
Evaluation of SARS-CoV-2 Carriage

Appendix

Materials and Methods

Case Description

Clinical parameters were obtained from electronic medical records and are shown in
Table 1 and Appendix Tables 1 and 2. The study was approved by the institutional review board
of the Medical University of Graz, Austria (32—362ex19/20).

SARS-CoV-2 Quantitative Reverse Transcription PCR (qRT-PCR)

We extracted RNA from 200 uL eSwab solution using the Maxwell simplyRNA Blood
Kit (Promega, https://www.promega.com) eluting RNA in 50 pL distilled water. gRT-PCR
detected regions of the viral envelope (E) and nucleocapsid (N) specific to SARS-CoV-2 (1).
Primers, probes, and 5 puL of RNA solution were added to 10 uL of SuperScript 111 One-Step
RT-PCR System withu Platinum Taqg High Fidelity DNA Polymerase (Thermo Fisher,
https://www.thermofisher.com) master mix. PCR was performed on a Quantstudio 7 instrument
(Thermo Fisher) with the following cycling conditions: 55°C 15 min, 95°C 3 min; 45 cycles
(95°C 15 sec; 58°C 30 sec). We used human glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) mRNA as internal RNA control with the same cycling conditions. All primers and

probes were from Eurofins Scientific (https://www.eurofins.com).

We downloaded and processed amplification data using the gpcR package of the R
project (https://www.r-project.org). Amplification efficiency plots were visually inspected, and
Cp2D (cycle peak of second derivative) values were calculated for samples with valid
amplification curves. We generated plots with R using the reshape, tidyverse, and ggplot
packages.
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SARS-CoV-2 Cultivation

For SARS-CoV-2 cultivation, we used swabs from lung parenchyma collected during
autopsy. Samples were frozen (—80°C) and thawed (37°C) twice to increase cell lysis and viral
release. We added 2 mL OptiPro SFM medium (GIBCO, https://www.thermofisher.com) with 4
mM L-glutamine (GIBCO) and 1% penicillin—streptomycin (10,000 U/mL; GIBCO) were added
to the samples. After centrifugation (10 min, 1,500 rcf) the supernatants were filtered through a
0.45 um membrane filter (Millipore, https://www.sigmaaldrich.com) and inoculated on Vero-E6
cells with OptiPro SFM medium with 4 mM L-glutamine and 1% penicillin—streptomycin in T25
flasks (Thermo Fisher). After 3—4 days incubation at 37°C and 5% COz2, the whole cells were
detached and passaged, including the supernatant, to new Vero-EG6 cells growing in T75 flasks
(Thermo Fisher). After 1 week, we harvested the cells and stored the supernatants after
centrifugation (10 min, 1,500 rcf) at —80°C.

Reference

1. Corman VM, Landt O, Kaiser M, Molenkamp R, Meijer A, Chu DK, et al. Detection of 2019 novel
coronavirus (2019-nCoV) by real-time RT-PCR. Euro Surveill. 2020;25:2000045. PubMed
https://doi.org/10.2807/1560-7917.ES.2020.25.3.2000045
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Appendix Table 1. Case characteristics and postmortem data of the RAT cohort*

Case Disease Postmortem C, value C, value C, value
no. Age, y/sex duration, dt interval, hf RAT gRT-PCR E gene N gene GAPDH
1 79/F 5 20 Positive Positive 18 22 21.3
2 75/F 31 48 Negative Positive 25.8 30.3 25.9
3 72/F 1 124 Positive Positive 22.4 27.7 26.4
4 71/F 18 18 Negative Positive 34.9 34.6 22.9
5 89/F 12 20 Negative Positive 30.8 33.2 19.8
6 73/F 6 22 Positive Positive 23.3 28 22.2
7 88/M 11 13 Positive Positive 22.7 27.4 254
8 87/M NA 14 Negative Negative NA NA 21.2
9 73/IM 41 20 Negative Positive 31.2 33.2 23.8
10 78/M 17 40 Positive Positive 22.3 26.9 26
11 87/F 4 63 Positive Positive 16 20.8 25.7
12 70/M 3 65 Positive Positive 18.2 22.6 22.6
13 84/F 1 57 Positive Positive 23.8 28.1 27.5
14 90/F 19 41 Negative Positive 37.3 NA 24.2
15 76/M 27 29 Negative Negative NA NA 235
16 78/F 7 25 Positive Positive 17.3 22.2 21.9
17 76/M 12 14 Positive Positive 18.9 23.5 25.1
18 62/M 34 18 Negative Positive 33.9 NA 23.2
19 90/F 4 124 Positive Positive 24.7 29.2 26.5
20 67/M 12 23 Positive Positive 26.9 29.7 26.7
21 73/F 10 22 Positive Positive 22.2 25.7 235
22 73/F 12 20 Positive Positive 215 24.4 20.8
23 80/F 12 10 Positive Positive 22.8 25.9 25.3
24 77/M 43 15 Negative Negative NA NA 25.7
25 93/F 2 16 Positive Positive 175 20.8 23.6
26 87/M 26 29 Negative Negative NA NA 24.2
27 91/M 21 23 Negative Positive 33.2 NA 235
28 77/F NA 23 Negative Negative NA NA 21
29 79/M 33 17 Negative Negative NA NA 29.7
30 87/M 7 8 Positive Positive 14.1 18 25.4

*Cy, cycle threshold; E, envelope; GAPDH, human glyceraldehyde 3-phosphate dehydrogenase; N, nucleocapsid; NA, not applicable; RAT, rapid
antigen test.

Tinterval from first positive (antemortem) SARS-CoV-2 PCR to death.

finterval from death to specimen sampling.

Appendix Table 2. Case characteristics and postmortem data of the cultivation cohort*

Case Age, Disease Postmortem C: (E gene) Ci(Egene) Ci(Ngene) C;(Ngene)
no. y/sex duration, dt interval, hf Cultivation qRT-PCR  nasopharynx lung nasopharynx lung
1 78/M 10 28 Positive Positive 23.7 21.3 29.7 27.7
2 82/M 7 15 Positive Positive 18.2 17.2 25.3 NP
3 78/M 9 68 Negative Positive 32.1 32.1 33.7 33.3
4 92/F 3 14 Positive Positive 17.9 16.6 215 20
5 71/F 4 30 Positive Positive 14.7 14.5 18.4 195
6 93/F 9 20 Positive Positive 13.7 16.5 17.3 21.1
7 79/M 14 25 Negative Positive 26.3 29.5 30 32.8
8 67/M 20 23 Negative Positive 36 34.4 NA NA
9 80/F 7 46 Positive Positive 18.9 22.5 22.7 26
10 80/F 11 23 Positive Positive 19.9 25.5 23.9 28.5
11 65/M 34 57 Negative Positive 30.6 NA 324 NA

* Cy, cycle threshold; E, envelope; N, nucleocapsid; NA, not applicable; NP, not performed; RAT, rapid antigen test.
tinterval from first positive (antemortem) SARS-CoV-2 PCR to death.
fInterval from death to specimen sampling.
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Appendix Figure 2. N gene qRT-PCR results. A) RAT negative cases show significantly higher C: values
compared with RAT positive cases (Mann-Whitney test). B) Cultivation negative and positive cases mirror
Ctvalues of RAT results (Mann-Whitney test). C) Longer disease durations are significantly correlated
with higher C: values (Spearman correlation test). D) No significant correlation between postmortem
intervals and C: values (Mann-Whitney test). Ci, cycle threshold; E, envelope; N, nucleocapsid; RAT,

rapid antigen test.
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Appendix Figure 3. gRT-PCR, RAT, and cultivation results in relation to patient age. A-D) No significant

correlation between age and C; values (Spearman correlation test), RAT results (Mann-Whitney test), or

cultivation results (Mann-Whitney test). Ct, cycle threshold; E, envelope; N, nucleocapsid; RAT, rapid

antigen test.
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